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Graphical abstract
Petal-like Yb 3+ -Tm 3+ codoped Y7O6F9 microparticles were achieved via ionic liquid-assisted hydrothermal process. Bright visible luminescence can be seen clearly with 980nm laser diode excitation power as low as ~ 0.1W∕cm 2 (pump power 10 mW).
Hightlights
 Petal-like Yb 3+ -Tm 3+ codoped Y 7 O 6 F 9 microparticles were achieved via fluorinated ionic liquids assisted-hydrothermal process  Enhanced bright luminescence can be seen clearly with 980nm laser diode at low excitation power (pump power 10 mW). ; 980 nm excitation; Ionic liquid; Optical materials and properties.
Introduction
Upconversion crystals can convert two or more near-infrared (NIR) photons to one high energy photon in the ultraviolet (UV) or visible regions [1] [2] , which are useful for various potential technological applications such as solid-state laser, efficient solar cells, display, bioimaging and biomedicine [3] [4] [5] [6] [7] . Among various UC materials, the synthesis and design of lanthanide-doped microstructure is one major focus [8] [9] [10] [11] [12] [13] , due to the ladder-like 4f energy levels which have more than one intermediate long-lived level and can principally be used to produce UC luminescence [8] . Fluorides are reported to be efficient host materials for the UC crystals due to their low effective phonon energy [14] [15] [16] . However, due to the thermal instability and air sensitivity, it is not suitable for fluorides based crystals to be used as host materials, which greatly limit their applications. For numerous applications, the lower upconversion efficiency is still a bottleneck
problem. Thereby, it is critical to explore new host materials for enhancing upconversion efficiency.
With unique physical, chemical and optical properties, such as high thermal stability and low phonon cutoff energy, Y2O3 would be an outstanding candidate for rare-earth doped host material [17] [18] [19] . But the higher phonon energy for the oxides than that of fluorides decreases the UC efficiency. Oxyfluorides, combining the advantages of both fluoride and oxide crystals, not only have better chemical and thermal stability than fluorides but also have effective lower phonon energy than oxides [20] . [26] , providing an ideal excitation source for UC emission.
Bright visible luminescence was observed to the naked eye clearly under excitation power of ~0.1 W/cm 2 , (pump power 10 mW). The mechanism for the enhanced UC emission attributes to the well crystalline structures and the lower phonon energy of oxyfluorides.
Experimental
Materials
All the reagents were of analytical grade and were used as received without further In a typical experiment, 0.5827 g yttrium nitrate hexahydrate, 0.0764 g ytterbium trinitrate pentahydrate, 0.0039 g thulium nitrate hexahydrate and 0.357 g HMT were dissolved in 12 mL deionized (DI) water, and then 5 mL ionic liquid of [BMIM] [BF4] was added in the solution.
After vigorous stirring for 1 h at room temperature, the final solution was put into a sealed 20 mL teflon-lined stainless autoclave, and heated at 180 C for 24 hours in an oven. The obtained precipitates were collected by centrifugation, rinsed by deionized water and ethanol for several times and then dried in air at 60 C for 24 h. After calcined at 700 C for 4 h, the powders were 
Characterizations
X-ray diffraction (XRD) measurements were performed for the prepared powders by using a Rigaku Dmax2200 X-ray diffractometer with Cu Ka radiation (λ = [26] . When 3 mL IL was used in the solution, all the XRD diffraction peaks can be indexed as Y7O6F9 (JCPDS 80-1126). With further increasing the IL to 5 mL, the Y7O6F9 diffraction peaks become sharper,
implying that the crystallinity of the sample is good and the grain size of the sample is growing up.
The Y7O6F9 sample was achieved just by adjusting the dosage of IL. No peaks of any other phase are detected. And the co-doping of Yb 3+ and Tm 3+ ions does not influence the crystal structure too.
In addition, with the increase of IL concentration, the XRD diffraction peaks become sharper and the crystallinity of the sample become better. The good crystallinity will be beneficial to the UC photoluminescence of the materials. (Fig. 2b) . In order to understand the formation process of the microspheres, the effect of concentration of IL on the morphology of products was also investigated. In this case, it was found that the concentration of IL was key factor to influence the morphology of the products. lower interfacial tension as well as higher viscosity than water. The lower interfacial tension of the medium can let more nuclei produced in the nucleation process, but the effective diffusion of the nuclei was lowered when the viscosity was higher in the medium. Then, the newly produced nuclei will be inclined to attach on the surface of larger crystals which led to the self-assembled petal shaped microstructure (Fig. 2a) [29, 30] . This diffusion-limited growth model is also mentioned in our previous work [29] .
UC Emissions
The UC emissions spectra of the samples were studied in the visible and ultraviolet wavelength from 300-725nm. Fig. 3a shows the UC spectra of the samples under a weak unfocused excitation at 980 nm of ~0.1 W/cm 2 (pump power 10 mW) and bright luminescence was visible to the naked eye. /Tm 3+ microspheres was achieved. Host materials with low phonon energy may decrease the probability of nonradiative transitions, subsequently leading to high luminescence efficiency [8] . The phonon energies of the samples were characterized by Raman spectra (Fig.4) . The Stokes Raman shifts of Y7O6F9 and Y2O3 are measured at the same condition at room temperature. Under the excitation of 532 nm, Fig.4 shows the Raman shifts peaks of the samples in the range of 100-1000cm -1
. The Raman peaks at 364, 431, 498, 717 and 761cm -1 are
the Raman shifts of Y7O6F9 sample (Fig. 4 a) are the Raman shifts of Y2O3 sample (Fig. 4 b) . For Y2O3 sample, the maximum phonon vibration is at 472 cm -1
. The effective phonons energy can be shown as ħωm where ωm is assumed to be the maximum lattice frequency [14] . [31, 34] .
To understand UC mechanisms of energy transfer, the pumping power dependence of UC emission intensity (IUC) was measured. In unsaturated UC process, the number (n) of photons absorbed per upconverted emitting state can be described as the relation IUC∝ P n , where P is the power of excitation source and n is the number of photons which can be readily determined from the slope of IUC-P plot in a log-log scale [35] . As shown in 
